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Predators do not spill over from forest fragments to maize 
fields in a landscape mosaic in central Argentina



























predation	events),	birds	 (22.7%),	and	ants	 (17.5%).	Overall	predation	rates	 in	 forest	



































these	populations	 (Simberloff	&	Abele,	1976).	However,	 this	 turned	
out	 to	 be	 an	 oversimplification	 of	 a	 dynamic	 relationship	 between	
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frequently	 move	 between	 these	 landscape	 elements	 (Blitzer	 et	al.,	
2012;	González,	Salvo,	Defagó,	&	Valladares,	2016),	and	some	species	








Gathmann,	 &	 Steffan-	Dewenter,	 1998)	 influence	 arthropod	 densi-
ties	and	distribution,	and	 their	beneficial	effects	on	crops.	Temporal	























tre	of	 the	 fragment,	or	 in	 the	matrix.	Natural	enemies	 residing	 in	
edges	may	benefit	from	complementary	resources	from	both	adja-
cent	habitats	(Ries,	Fletcher,	Battin,	&	Sisk,	2004),	and	reach	higher	
densities	 or	 activities	 there.	Additionally,	 the	 edge	 can	 support	 a	
specific	set	of	edge-preferring	species	(Duelli	&	Obrist,	2003),	and	
the	higher	predator	diversity	may	increase	predation	pressure.
H3:	 Predation	 pressure	 is	 higher	 in	 fragments	 which	 are	 larger	 or	
closer	to	the	supposed	source	habitat,	the	not	converted,	continu-
ous	forest,	than	in	smaller	fragments,	or	in	those	farther	away	from	
these	 source	 habitats.	 In	 this	 landscape,	 larger	 fragments	 have	
higher	densities	of	natural	enemies	(González	et	al.,	2015),	and	fly-
ing	natural	enemies	move	out	of	the	forest	fragments	more	than	




H4:	Predation	pressure	by	 invertebrate	predators	 decreases	with	 in-






H5:	 Invertebrate	 predation	 pressure	would	 be	 positively	 related	 to	
ground	cover,	because	ground-active	arthropods	prefer	vegetation	








top-	down	effects	 in	 this	 landscape.	There	was	qualified	 support	 for	
our	hypotheses:	invertebrate	but	not	vertebrate	predation	rates	were	











est,	 gran	 chaco,	with	Aspidosperma quebracho-blanco	 and	Schinopsis 
quebracho	forming	the	canopy,	and	a	slightly	lower	subcanopy	made	
up	 of	 several	 leguminous	 species.	 There	 is	 a	 scrub-	like	 shrub	 and	
herbaceous	 layer.	 Due	 to	 conversion	 mainly	 during	 the	 20th	 cen-
tury,	chaco	forest	today	 is	restricted	to	fragments	of	varying	size	 in	








1. Fragment	 size	 (ha),	 fragment	 perimeter	 length	 (m),	 edge	 density	
(“ED”)	 calculated	 as	 the	 ratio	 of	 fragment	 perimeter	 and	 area	
(Helzer	 &	 Jelinski,	 1999);














predation	 intensity	 at	 eight	positions	 at	 each	 fragment:	 in	 the	 inte-
rior	 (>15	m	from	the	edge),	at	 the	edge	 (defined	as	 the	 transitional,	
uncultivated	area	between	the	forest	fragment	and	the	maize	field),	
and	at	1,	2,	5,	10,	20,	and	40	m	from	the	edge	 into	the	maize	field.	







damage	by	direct	 sunlight	 in	 the	morning	and	were	 left	exposed	 to	
predators	for	24	hr.	The	following	day	they	were	inspected	in	the	field	





cannot	 distinguish	 whether	 such	 higher	 predation	 pressure	 would	
emerge	 from	higher	 predator	 density,	 higher	 predator	 activity,	 or	 a	
combination	of	the	two.	There	were	six	sampling	sessions	starting	on	
14	 January	2016,	when	maize	was	~16	cm	 tall	 (BBCH	phenological	
stage	15–16,	(Lancashire	et	al.,	1991)),	and	ending	on	28	March	2016,	


























2009).	Before	 specifying	 the	models,	we	graphically	 tested	each	nu-
merical	 factor	for	outliers	using	boxplots	and	dot	charts,	and	for	col-
linearity	between	 factors	using	 the	Variance	 Inflation	Factor	 (Ieno	&	
Zuur,	 2015).	We	did	not	 find	outliers,	 but	 there	was	 collinearity	 be-
tween	Position	and	BareGround,	and	between	Area,	Perimeter	and	ED.
To	 systematically	 address	 our	 different	 hypotheses,	 we	 separately	





























7702  |     FERRANTE ET Al.
n	=	11,	Table	1).	Four	predator	groups	were	identified:	chewing	insects	
(50.4%	of	 all	 predation),	 and	 ants	 (17.5%)	 as	 invertebrate	 predators;	









Except	 for	 total	 invertebrate	 predation,	 all	 predator	 groups	 had	
more	than	one	model	with	the	lowest	AIC	values,	indicating	the	need	
for	model	 averaging	 (Table	2).	Two	or	 three	variables	 in	each	model	
were	important	to	explain	the	observed	trends	in	predation	pressure,	
with	 maize	 phenology	 as	 the	 most	 frequent	 factor,	 while	 isolation	
measures	and	habitat	were	also	relevant	for	most	predators.
H1: Predation pressure in forest fragments higher than in 
cultivated habitats





per	 day,	 SD	=	15.3%	 per	 day,	 n	=	11;	 meancrop	=	12.6%	 per	 day,	
SD	=	3.6%	per	day,	n	=	11;	Tukey’s	t	test,	p	<	.001	for	all	comparisons),	




Vertebrate	 predation	 within	 the	 forest	 fragments	 (mean	=	6.9%	
per	day,	SD	=	6.5%	per	day,	n	=	11)	was	not	significantly	different	than	
within	 the	 crop	 (mean	=	8.6%	 per	 day,	 SD	=	3.3%	 per	 day,	 n	=	11).	
Bird	 predation	 within	 the	 forest	 fragments	 (mean	=	0.3%	 per	 day,	
SD	=	1.0%	 per	 day,	 n	=	11)	 was	 significantly	 lower	 (Tukey’s	 t	 test,	




H2: Predation pressure along forest edges higher than in 
the cultivated matrix or the centre of the fragment
Overall	 predation	 rates	 along	 the	 edges	 of	 forest	 fragments	









No. of caterpillars 
exposed
No. of caterpillars attacked by
Chewing insectsa Ants Birds Mammals Unknown predators
Forest 324 66 52 1 21 2
Edge 322 86 22 5 34 0
1	m	from	edge 322 35 10 17 3 4
2	m	from	edge 319 26 8 27 3 2
5	m	from	edge 323 42 9 20 0 2
10	m	from	edge 319 34 3 21 5 2
20	m	from	edge 324 26 6 36 2 0
40	m	from	edge 317 34 11 30 1 0
























per	 day,	 SD	=	3.0%	 per	 day,	 n	=	11).	 Mammal	 predation	 at	 edges	
(mean	=	10.7%	per	day,	SD	=	12.4%	per	day,	n	=	11)	was	significantly	
higher	 (Tukey’s	 t	 test,	p	<	.001)	 than	 in	 the	 crop	 (mean	=	0.74%	 per	
day,	SD	=	0.79%	per	day,	n	=	11)	but	not	higher	than	in	the	fragments	
(mean	=	6.6%	per	day,	SD	=	6.0%	per	day,	n	=	11).
H3: Predation pressure higher in larger fragments or closer 
to the source habitat





a	 significant	 positive	 effect	 on	 total	 (GLMM,	 z	=	2.49,	 p	<	.05),	 ver-
tebrate	 (GLMM,	 z	=	3.36,	 p	<	.001),	 bird	 (GLMM,	 z	=	2.77,	 p	<	.01)	
predation	rates,	and	a	marginally	positive	effect	on	predation	by	ants	
(GLMM,	z	=	1.68,	p	<	.1).










H4: Predation pressure by invertebrate predators de-
creases away from the forest edge
Distance	from	the	forest	edge	did	not	significantly	affect	predation	
rates.
H5: Predation pressure by invertebrate predators posi-
tively related to ground cover
TABLE  2 A	list	of	the	best	models	for	explaining	predation	rates	by	various	predator	groups	at	Rio	Ceballos,	Córdoba,	Argentina,	during	the	
southern	summer	of	2015/2016,	based	on	ΔAIC	and	model	weight
Predator group Best models AIC ΔAIC df Model weight
All	predators Isolation1	+	Phenology	+	Distance	+		(Site)a 2,841.6 0.0 15 0.3770
Isolation1	+	Phenology	+	LivePlant	+	(Site) 2,842.5 0.8 9 0.2494
Invertebrates Isolation3	+	Phenology	+	Distance	+	(Site) 2,209.3 0.0 15 0.8683
Chewing	insectsb Isolation3	+	Phenology	+	LivePlant	+	(Site) 1,867.1 0.0 9 0.4497
Area	+	Phenology	+	LivePlant	+	(Site) 1,868.4	 1.3 9 0.2384
Perimeter	+	Phenology	+	LivePlant	+	(Site) 1,869.8 2.7 9 0.1154
Ants Isolation1	+	Phenology	+	Distance	+	(Site) 890.5 0.0 15 0.2329
Distance	+	Phenology	+	(Site) 891.1 0.6 15 0.1761
Isolation3	+	Phenology	+	Distance	+	(Site) 892.0 1.4 15 0.1143
Isolation2	+	Phenology	+	Distance	+	(Site) 892.1 1.6 15 0.1054
Area	+	Phenology	+	Distance	+	(Site) 892.5 1.9 15 0.0897
Vertebrates Isolation3	+	Phenology	+	Isolation1	+	(1|Site) 1,500.1 0.0 9 0.7961
Isolation3	+	Isolation1	+	(Phenology)	+	(Site) 1,504.0 3.9 5 0.1143
Birds Habitat	+	Phenology	+	Isolation1	+	(Site) 1,104.2 0.0 10 0.6226
Habitat	+	Phenology	+	(Site) 1,107.6 3.4 9 0.1162
Habitat	+	Phenology	+	Isolation3	+	(Site) 1,107.6 3.4 10 0.1133
Mammals Area	+	Habitat	+	(Phenology)	+	(Site) 524.3 0.0 6 0.7219
Habitat	+	Phenology	+	Isolation2	+	(Site) 527.6 3.3 10 0.1373
Habitat	+	Phenology	+	Area	+	(Site) 528.4 4.1 10 0.0923
aFactors	in	parenthesis	are	considered	random	factors.
bExcluding	ants.
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Total	 and	 chewing	 insect	 predation	 rates	 were	 significantly	
(GLMM,	z	=	9.97,	p	<	.001	and	z	=	8.77,	p	<	.001,	 respectively)	posi-











Invertebrate	predation	 rates	during	 the	early	milky	 ripening	 stage	
(BBCH	 code	 73,	 late	 February)	 had	 an	 average	 of	 31.1%	 per	 day	















Vertebrate	 predation	 peaked	 during	 ripening	 at	 14.0%	 per	 day	
(SD =	10.0%	per	 day,	n	=	11).	This	was	 significantly	 higher	 than	 any	
of	the	other	sampling	occasion	(Tukey’s	t	test,	p	<	.05),	except	during	












parisons	 impossible.	The	ground	 level	predation	 rate	on	artificial	 cat-
erpillars	found	here	was	lower	than	in	winter	wheat	 in	Denmark,	and	
unsurprisingly,	the	relative	contribution	of	the	predatory	groups	respon-
sible	 for	 the	attacks	was	different:	bird	and	ant	predation	 rates	were	
much	higher	in	Argentina	than	in	Denmark	(Mansion-	Vaquié,	Ferrante,	
Cook,	Pell,	&	Lövei,	2017).	These	differences	exist	possibly	due	to	the	



















Total predation Invertebrates Chewing insects Ants Vertebrates Birds Mammals
Area ↓* ↓* + ↑***
Isolation1 ↑* ↑* ↑** ↑**
Isolation2 + ↓*
Isolation3 ↑** ↑** + ↓***
Phenology *** *** *** * *** ***
Distance *** *** ***
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parts	of	a	forest	fragment.	In	this	landscape,	habitat	complexity	may	





















Invertebrate	 and	 chewing	 insect	 predation	 rates	 increased	with	
increasing	 distance	 from	 the	 continuous	 forest	which	was	 probably	






which	 suggests	 that	vertebrate	predators	depended	on	 these	areas.	

























Crop	 phenology	 was	 an	 important	 factor	 for	 both	 invertebrate	
and	vertebrate	predators.	Total	predation,	 invertebrate,	and	chewing	
insect	 predation	 rates	 were	 higher	 during	 the	 early	 milky	 ripening	
stage,	vertebrate,	and	bird	predation	rates	reached	their	peak	at	cob	
ripening,	and	mammal	predation	rate	was	highest	at	maize	flowering	
(H6	 partially	 supported).	 The	 invertebrate	 predation	 rate	 peak	may	
be	explained	by	omnivorous	predators	using	 the	most	abundant	 re-
source	available	 (i.e.,	pollen	during	 flowering	and	prey	after	 the	end	
of	it),	as	observed	with	the	coccinellid	Coleomegilla maculata	in	maize	
crops	(Lundgren,	Razzak,	&	Wiedenmann,	2004).	Moreover,	predatory	
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